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(57) ABSTRACT

A keyboard assembly includes a plurality of keys, a key
actuation mechanism to move at least one of the keys, the key
actuation mechanism including an electromagnet, and a con-
troller to selectively control the electromagnet to cause the at
least one key to move between a raised position and a
retracted position.

20 Claims, 7 Drawing Sheets
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PROVIDE AN ELECTROMAGNET | 3802
IN A KEYBOARD ASSEMBLY

PROVIDE A CONTROLLER TO CONTROL

ELECTRICAL CURRENT FLOW THROUGH
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MOVING AT LEAST ONE KEY BETWEEN A

RAISED POSITION AND A RETRACTED
POSITION

FIG. 8
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1
KEYBOARD ASSEMBLY INCLUDING AN
ELECTROMAGNET

BACKGROUND

Certain types of portable electronic devices include key-
board assemblies that have keys to allow entry of text char-
acters, numbers, symbols, and so forth. The keyboard assem-
bly is associated with a certain thickness. When incorporated
into a portable electronic device, the keyboard assembly can
cause an increase in the overall thickness of the portable
electronic device. Consequently, the presence of a keyboard
assembly in a portable electronic device may restrict the
ability to build a portable electronic device having a thinner
profile.

BRIEF DESCRIPTION OF THE DRAWINGS

Some embodiments are described with respect to the fol-
lowing figures:

FIG. 1 is a schematic diagram of an example portable
electronic device including a retractable keyboard assembly
according to some implementations;

FIGS. 2 and 3 are enlarged perspective views of portions of
a keyboard assembly with one of the keys partially removed
to illustrate a portion of a key actuation mechanism that
includes an electromagnet according to some implementa-
tions;

FIG. 4 is a schematic diagram of a keyboard assembly
according to some implementations;

FIGS. 5A-5B are cross-sectional views of the keyboard
assembly according to some implementations;

FIG. 6 is a schematic diagram of a portion of a portable
electronic device that includes the keyboard assembly, in
accordance with alternative implementations;

FIGS. 7A-7B depict a key and a portion of a keyboard
assembly according to further alternative implementations;
and

FIG. 8 is a flow diagram of a process of providing a key-
board assembly according to some implementations.

DETAILED DESCRIPTION

Keys of akeyboard assembly that can be used in a portable
electronic device can be actuated to move between a first
position (raised position) and a second position (retracted
position). In use, a user’s finger can press on a key to cause the
key to move from its raised position to a retracted position.
Release of the key allows the key to return to its raised
position. In the ensuing discussion, reference is made to a
“vertical” travel distance of a key of a keyboard assembly,
where this vertical travel distance allows the key to travel
between the raised position and the retracted position. Note
that reference to “vertical” is for ease of explanation, as the
travel direction can have a different orientation depending
upon the orientation of the portable electronic device, and/or
upon the relative orientation of the keyboard assembly to the
portable electronic device.

Examples of portable electronic devices include the fol-
lowing: a notebook computer, a convertible tablet computer
(where the computer is convertible between a notebook com-
puter and a tablet computer), a personal digital assistant
(PDA), a smartphone, a game appliance, and so forth.
Although reference is made to a keyboard assembly that is to
be used in a portable electronic device, it is noted that in other
implementations, the keyboard assembly can be part of a
standalone keyboard.
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To provide tactile feedback to a user when actuating the
keys of the keyboard assembly, the keys can be designed to
move a certain distance between the raised position and
retracted position of each key. In the raised position, a key of
the keyboard assembly is raised above a frame of the key-
board assembly. The overall thickness of the keyboard assem-
bly includes a thickness of portions of the keys that are raised
above the frame.

A portable electronic device that includes a keyboard
assembly has to accommodate the overall thickness of the
keyboard assembly, and thus, the presence of the keyboard
assembly may restrict a manufacturer’s ability to reduce the
thickness ofthe portable electronic device to achieve a thinner
profile. For example, if the portable electronic device is a
notebook computer that has a lid (such as a lid that contains a
display panel) that can be pivoted between an open position
and a closed position, some amount of space has to be pro-
vided when the lid is at the closed position between the lid’s
inner surface and to the keys to accommodate the keys being
in the raised position when not in use. In other words, when
the lid is closed against the base of the notebook computer, the
space should be provided such that the inner surface of the lid
should not press down on the upper surface of the keys in the
raised position.

In accordance with some implementations, to allow the
overall thickness of a portable electronic device that incorpo-
rates a keyboard assembly to be reduced, a key actuation
mechanism including an electromagnet can be provided that
is selectively controlled to control positions of keys of the
keyboard assembly. Under certain conditions, the keys of the
keyboard assembly can be moved by the key actuation
mechanism to their retracted position to reduce the thickness
profile of the keyboard assembly. In examples where the
portable electronic device is a notebook computer having a lid
that is pivotably attached to a base, moving the keys to their
respective retracted positions allows the overall thickness of
the notebook computer when the lid is in its closed position to
be thinner as compared to traditional designs in which the
keys of a keyboard assembly remain in their raised position
even when the lid is closed.

A key actuation mechanism to selectively control retrac-
tion of keys of the keyboard assembly can be used in other
types of portable electronic devices. Such a key actuation
mechanism can also be used in a standalone keyboard.

FIG. 1 is a perspective view of a notebook computer 100
that has a lid 102 and a base 104. The lid 102 is pivotably
attached to the base 104 using at least one hinge assembly
106. In the example of FIG. 1, the lid 102 can include a
display panel 108, and the base 104 can include a keyboard
assembly 110. The keyboard assembly 110 has various keys
112 that can travel along a vertical travel distance between a
raised position and a retracted position. Each of at least some
of'the keys 112 is associated with a respective electromagnet
410 (discussed further below). When the lid 102 is moved to
its closed position, the keys 112 are caused to be retracted
using a key actuation mechanism according to some imple-
mentations.

The keys 112 ofthe keyboard assembly 110 are mounted in
akeyboard frame 111. The keyboard frame 111 has openings
to receive the respective keys 112. When the keys 112 are in
their raised position, the keys 112 protrude above the upper
surface of the keyboard frame 111. When the keys 112 are in
their retracted position, the upper surfaces of the keys 112 are
flush (or even below) the upper surface of the keyboard frame
111.

In some implementations, closing of the lid 102 of the
notebook computer 100 triggers retraction of the keys 112 to
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their retracted position. In other examples, other events can
cause retraction of the keys 112 to their retracted position. For
example, such other events can include any or some combi-
nation of the following: detection of use of the display panel
108 as a touchscreen display (where a user touches the touch-
screen display to make user inputs to the notebook computer
100); a command from an application executing in the note-
book computer 100 to cause retraction of at least a subset of
the keys 112; or any other event.

In alternative examples, the notebook computer 100 can be
a convertible computer that can convert between a first con-
figuration and a second configuration. In the first configura-
tion, the convertible computer 100 is used as a traditional
notebook computer in which the keyboard assembly 110 is
used for inputting data to the notebook computer 100. In the
second configuration, the convertible computer 100 can be
used as a tablet computer, where user input is made through a
touchscreen display (e.g. display panel 108). To achieve the
second configuration, thelid 102 of FIG. 1 can be rotated such
that the display panel 108 faces upwardly, to allow the display
panel 108 to be used as a touch-sensitive display panel.

FIG. 2 is an enlarged perspective view of a portion of the
keyboard assembly 110 of FIG. 1, with one of the keys (112-
1) partially removed to illustrate components that are usable
for selectively moving the key 112-1 between a raised posi-
tion and a retracted position. Similar components can be used
for the other keys 112 of the keyboard assembly 110.

FIG. 3 shows a further enlarged view of the components
associated with the key 112-1. In examples according to
FIGS. 2 and 3, magnets can be used for positioning the key
112-1 in its raised position or retracted position. The magnets
include magnets 202 and 206 provided on a base of the
keyboard assembly 110. The base of the keyboard assembly
110 includes an underlying structure that support the keys 112
of the keyboard assembly 110.

In addition, magnets 204 and 208 are provided in the inner
surface 212 of the key 112-1. The magnets 202 and 204 form
a first magnet pair, and the magnets 206 and 208 form a
second magnet pair. In some examples, the magnet pair 202,
204 is an attractive magnet pair, in which the magnets are
oriented such that they are attracted to each other. The magnet
pair 206, 208 can be a repulsive magnet pair, in which the
magnets 206 and 208 are oriented such that they repulse each
other. In other examples, the magnet pair 202, 204 can be a
repulsive magnet pair, while the magnet pair 206, 208 can be
an attractive magnet pair.

In addition, an electromagnet that includes a coil 210 can
also be provided in the inner surface 212 of thekey 112-1. The
coil 210 has an electrical conductor 211 through which an
electrical current can be passed. The electrical conductor 211
(which can be part of an electrical wire) can be wound in the
coil 210. The combination of the coil 210 and a core of
ferromagnetic material (such as iron or other ferromagnetic
material) forms the electromagnet according to some imple-
mentations. In the example of FIG. 3, the coil 210 and the
ferromagnetic material of the magnets 206, 208 collectively
form the electromagnet. In other implementations, instead of
forming the electromagnet with the coil 210 and the ferro-
magnetic material of the magnets 206, 208, a separate ferro-
magnetic core can be provide that in combination with the
coil 210 forms the electromagnet.

The magnetic field produced by the electromagnet depends
upon a direction of current flow through the electrical con-
ductor 211. If the electrical current flows in the electrical
conductor 211 in a first direction, then a magnetic field in a
first direction is produced by the electromagnet. On the other
hand, if a reverse electrical current is passed through the

20

25

30

35

40

45

50

55

60

65

4

electrical conductor 211, then a magnetic field in a second,
opposite direction is produced by the electromagnet. More-
over, if no current is passed through the electrical conductor
211 of the electromagnet, then no magnetic field is produced
by the electromagnet.

Depending upon the direction of current flow through the
electrical conductor 211, the electromagnet can be controlled
to either produce an attractive force with respect to the mag-
net 206, or to produce a repulsive force with respect to the
magnet 206. Thus, depending upon the magnetic field pro-
duced by the electromagnet, the electromagnet can either
work with the magnet 208 or against the magnet 208.

The selective control of the magnetic field produced by the
electromagnet can control movement of the key 112-1
between the raised position and the retracted position. For
example, if the key 112-1 is initially in the raised position, the
electromagnet can be controlled to produce a magnetic field
that causes attraction between the electromagnet and the
magnet 206, which results in thekey 112-1 being moved from
the raised position to the retracted position. Note that the
attractive force produced between the electromagnet and the
magnet 206 is opposite the repulsive force between the mag-
net 208 and the magnet 206. However, the attractive force
between the electromagnet and the magnet 206 is greater than
the repulsive force between the magnets 206 and 208 such
that the key 112-1 is moved to its retracted position.

Once the key 112-1 has moved to its retracted position, the
magnets 202 and 204 of the attractive magnet pair are brought
in close proximity to (or in contact with) each other such that
they can maintain the key 112-1 in the retracted position.

The production of the magnetic field by the electromagnet
to produce the attractive force between the electromagnet and
the magnet 206 is in response to an electrical current pulse
through the electrical conductor 211. The electrical current
pulse is of a sufficient time duration to allow time for the key
112-1 to travel from the raised position to the retracted posi-
tion. Once the key 112-1 has reached its retracted position,
and the magnets 202 and 204 can act to maintain the retracted
position of the key 112-1, electrical current can be removed
from the electromagnet such that the electromagnet no longer
produces a magnetic field. In this way, a continuous electrical
current does not have to be maintained through the electro-
magnet, which reduces power consumption.

At a later time, if it is desired to move the key 112-1 from
the retracted position to the raised position, an opposite elec-
trical current pulse can be passed through the electrical con-
ductor 211 of the electromagnet to cause the electromagnet to
produce a magnetic field that results in the electromagnet
being repulsed from the magnet 206. This repulsive force
between the electromagnet and the magnet 206 is in addition
to the repulsive force provided by the repulsive magnet pair
206, 208. The combined repulsive force can overcome the
attractive force of the attractive magnet pair 202, 204. As a
result, the key 112-1 is moved from the retracted position to
the raised position. Once the key 112-1 is raised to the raised
position, the repulsive force provided by the repulsive magnet
pair 206, 208 is sufficient to maintain the raised position of the
key 112-1. As a result, electrical current can be removed from
the electrical conductor 211 such that the electromagnet no
longer produces a magnetic field.

Although FIGS. 2 and 3 depict the coil 210 of the electro-
magnet being attached to the inner surface 212 of the key
112-1, the coil 210 can be provided on the base (or even
underneath the base) of the keyboard assembly in other
implementations.

Also, the locations of the various magnets 202, 204, 206,
208, and the coil 210 can be different in other examples.
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FIG. 4 is a schematic diagram of components of an
example keyboard assembly 110. The keyboard assembly
110 includes a controller 402, which can be a keyboard con-
troller that interacts with the keys 112 of the keyboard assem-
bly 110 for detecting user actuation of the keys 112. Alterna-
tively, the controller 402 can be separate from the keyboard
controller. The controller 402 outputs control signaling 403 to
control one or multiple current drivers 404. A current driver
404 drives an electrical current to one or multiple ones of
electromagnets 410 associated with respective keys 112.
Each electromagnet 410 can include the coil 210 of FIG. 3 and
a ferromagnetic core (such as that provided by the magnets
206, 208). In some examples, one current driver 404 can drive
an electrical current to multiple electromagnets 410. In other
examples, one current driver 404 can drive an electrical cur-
rent to an individual electromagnet 410.

More generally, a current driver 404 can control actuation
of all the keys 112 or a subset of the keys 112, where the
subset can include just one individual key 112 or multiple
keys 112 that are less than the entirety of all of the keys 112.

The electromagnets 410 and the magnets 202, 204, 206,
and 208 are part of a key actuation mechanism. The key
actuation mechanism can be controlled by the controller 402.

The controller 402 receives inputs that are referred to as a
retract event 406 and raise event 407. Each of the retract event
406 and raise event 407 can be represented by a signal or a
combination of signals that are connected to an input pin or
multiple input pins of the controller 402. Alternatively, each
of'the retract event 406 and raise event 407 can be in the form
of a command or other information that can be written to a
control register in the controller 402 to cause the controller
402 to perform a requested task.

Generally, the retract event 406 is provided to the controller
402 to cause the controller 402 to retract at least a subset of the
keys 112. The retract event 406 can correspond to closing of
the lid 102 (FIG. 1), use of the display panel 108 of the
notebook computer 100 as a touchscreen, a command from an
application, and so forth. The raise event 407 is provided to
the controller 402 to cause the controller 402 to raise at least
a subset of the keys 112. The raise event 407 can correspond
to opening of the lid 102, cessation of'use of the display panel
108 as a touchscreen, another command from the application,
and so forth.

FIGS. 5A-5B are cross-sectional views of a portion of the
keyboard assembly 110. The specific portion depicted can be
the portion corresponding to the key 112-1 of FIGS. 2 and 3,
and is identified by section 5-5 in FIG. 1.

In FIG. 5A, the key 112-1 is in its raised position, such that
it is raised or protrudes above the upper surface 502 of the
keyboard frame 111 (which can be formed of a metal or other
material). In the raised position, an upper surface 504 of the
key 112-1 is a distance D1 above the upper surface 502 of the
keyboard frame 111.

In FIG. 5B, the key 112-1 is in its retracted position, such
that the upper surface 504 of the key 112-1 is generally at the
same height as the upper surface 502 of the keyboard frame
111. In other words, the upper surface 504 of the key 112-1 is
flush with the upper surface 502 of the keyboard frame 111. In
other examples, when the key 112-1 is in its retracted posi-
tion, the upper surface 504 of the key 112-1 can be below the
upper surface 502 of the keyboard frame 111.

As aresult, it can be seen from FIGS. 5A and 5B that the
overall thickness of the keyboard assembly 110 can be
reduced by D1 if the keys 112 of the keyboard assembly 110
are retracted to the retracted position, as shown in FIG. 5B.

The base of the keyboard assembly 110 includes an under-
lying support frame 506 (which can be formed of a metal of
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other material). The underlying support frame 506 can be
attached by an attachment mechanism 514 (e.g. screws) to the
keyboard frame 111.

In addition, a flexible circuit board 508 can be provided on
the underlying support frame 506. The flexible circuit board
508 includes electrical conductors for carrying signals relat-
ing to detected actuations of keys 112 of the keyboard assem-
bly 110. For example, a specific electrical conductor of the
flexible circuit board 508 can carry a signal that indicates
when a particular key of the keyboard assembly 110 has been
depressed by a user.

As further depicted in FIG. 5A, magnets 202 and 204 are
arranged such that the N and S pole orientations of the mag-
nets 202 and 204 are the same. As a result, the S pole of the
magnet 204 faces the N pole of the magnet 202, or vice versa,
which results in the magnets 202 and 204 being attracted to
each other. The magnet 202 is provided on the underlying
support frame 506, while the magnet 204 is attached to an arm
structure 510 of a key assembly that includes the key 112-1.

The arm structure 510 can be operatively coupled to an arm
structure 512 to allow for relative motion between the key
112-1 and the keyboard frame 111.

The magnets 206 and 208 are arranged in opposite orien-
tations, such that the S pole of the magnet 208 faces the S pole
of'the magnet 206 (or alternatively, the N pole of the magnet
208 faces the N pole of the magnet 206), which results in the
magnets 206 and 208 repulsing each other.

When the key 112-1 is in its retracted position, the magnet
204 is brought down to be in contact with the magnet 202 (or
alternatively, in close proximity to the magnet 202). The
magnet 208 is also brought down to be in closer proximity to
the magnet 206. However, a gap 514 between the magnets 206
and 208 (when the key 112-1 is in the retracted position) is
greater than the gap (assuming there is any gap) between the
magnets 202 and 204. As a result, the attractive force of the
magnets 202 and 204 is greater than the repulsive force of the
magnets 206 and 208, which allows the key 112-1 to remain
in its retracted position as shown in FIG. 5B.

The key 112-1 can be moved from its raised position (FIG.
5A) to its retracted position (FIG. 5B) in one of two different
ways. In the first way, a user’s finger can press the key 112-1
downwardly to move the key 112-1 from the raised position to
the retracted position. In a second way, the controller 402 of
FIG. 4 can cause an electrical current to be passed through the
electromagnet 410 (FIG. 4) to produce a magnetic field that
causes attraction between the electromagnet 410 and the
magnet 206. This causes the key 112-1 to be pulled down-
wardly to the retracted position. When the current through the
electromagnet 410 is stopped, the attraction of the magnets
202 and 204 allow the key 112-1 to remain in its retracted
position (FIG. 5B).

To cause the key 112-1 to return to its raised position, an
electrical current can be run through the electromagnet 410 in
an opposite direction, which causes repulsion between the
electromagnet 410 and the magnet 206. This repulsion pro-
duced between the electromagnet 410 and the magnet 206 can
overcome the attractive force of the magnets 202 and 204,
which pushes the key 112-1 to its raised position (FIG. 5A).

As noted above, the retraction of the keys 112 of the key-
board assembly 110 can be performed in response to closing
of'the lid of the notebook computer 100, for example. In other
examples, the keys 112 of the keyboard assembly 110 can be
performed in response to other events. For example, if the
notebook computer 100 detects that the user is using the
portable computer 100 in its touchscreen configuration, then
the keys 112 can be retracted to enhance user convenience,
since the keys are moved out of the way to avoid inadvertent
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user actuation of the keys 112 during use of the display panel
108 of FIG. 1 for touchscreen input.

As shown in FIG. 6, a touchscreen input detector 602 can
receive an indication from the touch-sensitive display panel
108 that touchscreen input has been received at the display
panel 108. In response to receiving the indication, the touch-
screen input detector 602 can generate an output to the key-
board assembly 110 to provide the retract event 406 to the
keyboard assembly 110. When the touchscreen input detector
602 detects that touchscreen input is no longer received at the
touch-sensitive display panel 108 (such as after some timeout
period or based on a user input indicating such), the touch-
screen input detector 602 can provide the raise event 407 to
raise the keys 112.

In other examples, the retraction of the keys 112 can be
performed under control of an application (or more generally
machine-readable instructions) executed in a portable elec-
tronic device. For example, FIG. 6 shows an application 604
executable on one or multiple processors 606. The applica-
tion 604 can issue commands to the controller 402 to cause
the controller 402 to perform selective retraction of at least a
subset of the keys 112 of the keyboard assembly 100. For
example, the application 604 can be a gaming application, in
which only certain keys of the keyboard assembly 110 are
used for performing game functions. The application 604 can
instruct the controller 402 to retract a first subset of the keys
112, while maintaining a second subset of the keys 112 in
their raised positions to allow for user actuation of the keys in
the second subset.

Note that actuation of keys 112 of the keyboard assembly
110 by a user can be communicated to the processor(s) 606,
for entering information or controlling the application 604,
for example.

The selective retraction of just a subset (less than all) of the
keys 112 can be performed in other examples. Different sub-
sets of the keys 112 can be retracted for different contexts
(such as different uses of a portable electronic device, differ-
ent applications running in the portable electronic device,
etc.).

Although FIGS. 2, 3, and 5A-5B illustrate use of two pairs
of magnets in addition to the electromagnet in the key actua-
tion mechanism of the keyboard assembly 110, it is noted that
in alternative implementations, one or both pairs of the mag-
nets (magnet pair 202, 204 and/or magnet pair 206, 208) can
be replaced with a different mechanism for setting a position
ofakey 112. For example, the attractive magnet pair 202, 204
can be replaced with a spring that pulls the key 112-1 toward
the keyboard assembly base, but is counteracted by the repul-
sive force of the repulsive magnet pair 206, 208. Alterna-
tively, the repulsive magnet pair 206, 208 can be replaced
with a spring that biases the key 112-1 at its raised position.
The electromagnet when activated can be used to overcome
the biasing force of the spring.

Asnoted above, the positions of the magnets 202, 204, 206,
208, and coil 210 can be different from the positions of FIGS.
2, 3, and 5A-5B in other examples. As an example of a
different arrangement, FIGS. 7A-7B depict a key 112-2 that
has a tab 702 on which a magnet 704 is provided. The tab 702
protrudes sideways from a side 703 of the key 112-2.

The tab 704 is designed to be provided in a receptacle 706
(FIG. 7B) in the keyboard frame 111. Although not depicted
in FIG. 7B, a corresponding magnet can be provided at the
base of the keyboard assembly 110 of FIG. 7B. This magnet
pair that includes the magnet 704 and the corresponding
magnet at the base of the keyboard assembly 110 can replace
the magnet pair 202, 204 shown in FIGS. 2 and 3, for
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example. FIG. 7B also shows the magnet 206 that forms the
other magnet pair 206, 208 as depicted in FIGS. 2 and 3.
As further alternative examples, instead of providing the
coil 210 and the magnet pair 206, 208 near the center region
of'thekey 112-2 (as shown in FIGS. 2 and 3), the coil 210 and
the magnet pair 206, 208 can be offset to one side of the key
112-2. The benefit of offsetting these magnets is that back-
lighting can be provided through the key 112-2. Backlighting
is accomplished by providing a backlight source in the key-
board assembly 110, where light produced by the backlight
source can be visible through a translucent portion of each of
each key 112-2.
FIG. 8 is a flow diagram of a process of providing (e.g.
making, assembling, etc.) a keyboard assembly according to
some implementations. The process includes providing (at
802) an electromagnet in the keyboard assembly. The process
further includes providing (at 804) a controller to control
electrical current flow through the electromagnet. The con-
troller controls a direction of the electrical current flow to
selectively move at least one key of the plurality of keys
between a raised position and a retracted position.
In the foregoing description, numerous details are set forth
to provide an understanding of the subject disclosed herein.
However, implementations may be practiced without some or
all ofthese details. Other implementations may include modi-
fications and variations from the details discussed above. Itis
intended that the appended claims cover such modifications
and variations.
What is claimed is:
1. A keyboard assembly comprising:
a plurality of keys;
a key actuation mechanism comprising an electromagnet
to move at least one ofthe keys, the key actuation mecha-
nism further comprising a first magnet and a second
magnet; and
a controller to:
apply a first electrical current to the electromagnet to
cause the at least one key to move from a raised
position to a retracted position; and

remove the first electrical current from the electromag-
net once the at least one key has moved from the raised
position to the retracted position, wherein after
removal of the first electrical current the first magnet
and the second magnet are to apply an attractive force
to maintain the at least one key at the retracted posi-
tion.

2. The keyboard assembly of claim 1, further comprising a
frame in which the keys are arranged,

wherein when the at least one key is in the raised position,
a portion of the at least one key is protruding above an
upper surface of the frame.

3. The keyboard assembly of claim 2, wherein when the at
least one key is in the retracted position, an upper surface of
the at least one key is flush with or below the upper surface of
the frame.

4. The keyboard assembly of claim 1, wherein the control-
ler is to cause the retraction of the at least one key in response
to detecting an event.

5. The keyboard assembly of claim 4, wherein the event is
in response to closing a lid of an electronic device.

6. The keyboard assembly of claim 4, wherein the event is
in response to receiving touchscreen input at atouch-sensitive
display panel of an electronic device.

7. The keyboard assembly of claim 1, wherein the control-
ler is to cause retraction of at least a first subset of the keys to
the retracted position in response to instruction from an appli-
cation executing in an electronic device.



US 9,401,713 B2

9

8. The keyboard assembly of claim 7, wherein the control-
ler is to maintain a second subset of the keys in the raised
position while the first subset of the keys are in the retracted
position.

9. The keyboard assembly of claim 1, further comprising a
current driver to drive an electrical current through an elec-
trical conductor of the electromagnet, wherein the current
driver is to control a direction of current flow through the
electrical conductor in response to control signaling from the
controller.

10. The keyboard assembly of claim 1, wherein the first and
second magnets form an attractive magnet pair, wherein the
key actuation mechanism further comprises a repulsive mag-
net pair, and wherein the controller is to:

apply, to the electromagnet, a second electrical current that

flows in a direction opposite to a direction of the first
electrical current, the applied second electrical current
to cause the electromagnet to produce a repulsive force
to overcome the attractive force of the attractive magnet
pair to move the at least one key from the retracted
position to the raised position; and

after the at least one key has moved from the retracted

position to the raised position, remove the second elec-
trical current from the electromagnet, wherein after
removal of the second electrical current the repulsive
magnet pair is to apply a repulsive force to maintain the
at least one key at the raised position.

11. The keyboard assembly of claim 10, wherein the at
least one key has a protruding tab on which one of magnets of
the attractive magnet pair is provided.

12. A method comprising:

controlling, by a controller, an electromagnet ina keyboard

assembly having a plurality of keys, to selectively move

a first key of the plurality of keys between a raised

position and a retracted position, the keyboard assembly

further comprising an attractive magnet pair, the control-

ling comprising:

applying a first electrical current to the electromagnet to
produce a force to move the first key from the raised
position to the retracted position; and

removing the first electrical current from the electro-
magnet once the first key has moved from the raised
position to the retracted position, wherein after
removal of the first electrical current the attractive
magnet pair applies an attractive force that maintains
the first key at the retracted position.

13. The method of claim 12, wherein the keyboard assem-
bly further comprises a repulsive magnet pair, wherein the
controlling further comprises:

applying, to the electromagnet, a second electrical current

that flows in a direction opposite to a direction of the first
electrical current, the applied second electrical current
causing the electromagnet to produce a repulsive force
to overcome the attractive force of the attractive magnet
pair to move the first key from the retracted position to
the raised position; and

after the first key has moved from the retracted position to

the raised position, removing the second electrical cur-
rent from the electromagnet, wherein after removal of
the second electrical current the repulsive magnet pair
applies a repulsive force to maintain the first key at the
raised position.

14. An electronic device comprising:

at least one processor; and
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a keyboard assembly coupled to the at least one processor
and having a controller, a key actuation mechanism, and
a plurality of keys that are selectively retractable by the
key actuation mechanism under control of the controller,
the key actuation mechanism including an electromag-
net to selectively produce magnetic fields of different
directions based on the control of the controller,

the key actuation mechanism further comprising a first

magnet and a second magnet, the controller to:

apply a first electrical current to the electromagnet to
produce a force to move a first key of the plurality of
keys from a raised position to a retracted position; and

remove the first electrical current from the electromag-
net once the first key has moved from the raised posi-
tion to the retracted position, wherein after removal of
the first electrical current the first magnet and the
second magnet are to apply an attractive force that
maintains the first key at the retracted position.

15. The electronic device of claim 14, further comprising
an application executable on the at least one processor to
instruct the controller to retract at least a subset of the plural-
ity of the keys to the retracted position.

16. The keyboard assembly of claim 10, wherein the first
electrical current applied to the electromagnet is to produce
an attractive force to overcome the repulsive force of the
repulsive magnet pair, to move the at least one key from the
raised position to the retracted position.

17. The keyboard assembly of claim 16, wherein the repul-
sive force responsive to the second electrical current applied
to the electromagnet works together with the repulsive force
of'the repulsive magnet pair to move the at least one key from
the retracted position to the raised position.

18. The method of claim 13, wherein the first electrical
current applied to the electromagnet produces an attractive
force to overcome the repulsive force of the repulsive magnet
pair, which moves the first key from the raised position to the
retracted position.

19. The method of claim 18, wherein the repulsive force
responsive to the second electrical current applied to the
electromagnet works together with the repulsive force of the
repulsive magnet pair to move the first key from the retracted
position to the raised position.

20. The electronic device of claim 14, wherein the first and
second magnets form an attractive magnet pair, wherein the
keyboard assembly further comprises a repulsive magnet
pair, and wherein the controller is to:

apply, to the electromagnet, a second electrical current that

flows in a direction opposite to a direction of the first
electrical current, the applied second electrical current
causing the electromagnet to produce a repulsive force
to overcome the attractive force of the attractive magnet
pair to move the first key from the retracted position to
the raised position; and

after the first key has moved from the retracted position to

the raised position, remove the second electrical current
from the electromagnet, wherein after removal of the
second electrical current the repulsive magnet pair is to
apply a repulsive force to maintain the first key at the
raised position,

wherein the first electrical current applied to the electro-

magnet produces an attractive force to overcome the
repulsive force of the repulsive magnet pair, to move the
first key from the raised position to the retracted posi-
tion.



